The effects of dietary aflatoxin (AF) and diacetoxyscirpenol (DAS), singly and in combination, were evaluated in growing crossbred barrows. The experimental design consisted of 4 treatments of 9 barrows each fed diets containing 1) 0 mg AF and 0 mg DAS/kg feed (control), 2) 2.5 mg AF/kg feed, 3) 2.0 mg DAS/ kg feed, or 4) 2.5 mg AF + 2.0 mg DAS/kg feed for 28 days (10-14 weeks of age). Production performance, serum biochemical, hematologic, and pathologic measurements were made. Body weight and body weight gain were significantly decreased by each toxin but more so by the combination treatment. The effects were additive in nature. Liver and spleen weights, as percentages of body weight, were increased by the AF and AF + DAS treatments, and AF or AF + DAS treatments induced diffuse hepatocellular vacuolar change, early portal fibrosis, and early bile duct hyperplasia. Aflatoxin increased serum values of creatinine and gamma glutamyl transferase, cholinesterase, and alkaline phosphatase activities; increased packed cell volume and hemoglobin; and decreased urea nitrogen and total iron binding capacity. DAS reduced serum iron binding capacity. The AF + DAS treatment increased serum gamma glutamyl transferase and alkaline phosphatase activities, increased hemoglobin, and decreased serum iron binding capacity. Generally, the combination treatment could be described as additive or less than additive, with most of the effects attributable to AF. Under the conditions and parameters monitored in this study, AF and DAS had no synergistic toxic effects when incorporated into diets of growing barrows.
The aflatoxins B 1 , G 1 , B 2 , and G z are structurally similar polysubstituted coumarin compounds that may be produced by Aspergillus flavus or A. parasiticus. These secondary fungal metabolites are reported to induce hepatotoxicosis, mutagenesis, teratogenesis, immunosuppression, and carcinogenesis in various species of animals. Pigs are highly sensitive to the effects of aflatoxin (AF), and the feeding of AF-contaminated feedstuffs can seriously affect the profitability of the finem swi ent ne industry. 4, 14, 30 Because rearing practices that uti of h . lize igh-density condiets composed primarily of cereal grains and because of the prevalence of toxic concentrations of AF present in grains, growing pigs may be exposed to AF-contaminated diets.
Diacetoxyscirpenol (DAS) is a trichothecene mycotoxin produced by several Fusarium species that has been reported in cereal grains, feeds, and agricultural commodities worldwide. 20 Like T-2 toxin, DAS has been described as radiomimetic with regard to lym- (Clement) .
Received for publication November 6, 1990. phoid tissues and gastrointestinal epithelium 2 and as a contact necrotizing agent for lingual and buccal mucosa of swine. 20 DAS also inhibits protein synthesis 19, 21 and DNA synthesis. 24 DAS-contaminated diets fed to swine induce small intestinal and oral lesions, decreased weight gains, and feed refusa1. 25 It is possible for AF or DAS to exist in separate feedstuffs, 14,25 and it is a common practice to use multiple grain sources in swine diets; thus, feeding diets contaminated with both AF and DAS is a possibility. The objective of the present study was to investigate the toxicity of AF and DAS and to describe the major effects of feeding diets cocontaminated with AF and DAS to growing barrows.
Materials and methods
Swine and diets. Thirty-six 9-wk-old crossbred (Hampshire x Yorkshire x Landrace) weaned barrows (mean body weight, 25.2 kg) were identified by individual ear tags and tatoos, assigned by weight to groups, randomly assigned to treatments, housed in concrete-floored indoor pens, and provided starter diet and water ad libitum. Corn/soybean starter diets (20% protein) either met or exceeded critical nutrient concentrations recommended by the National Research Counci1. 23 Four dietary treatments (3 replicates of 3 each; 9 pigs per treatment) consisted of 1) 0 mg of AF/kg and 0 mg of DAS/kg of feed (controls); 2) 2.5 mg of AF/kg of feed; 3) 2.0 mg DAS/kg of feed; or 4) 2.5 mg AF + 2.0 mg DAS/kg of feed and were fed for 28 days. Aflatoxin was produced by fermentation of rice by Aspergillus parasiticus NRRL 2999 Table 1 . Body weight and body weight gain (kg) of growing barrows fed diets contaminated with aflatoxin (AF) and diacetoxyscirpenol (DAS) for 28 days.
as described 29 and modified. 36 The fermented rice was autoclaved, dried, and ground to a powder, and the AF content was measured by spectrophotometric analysis. 16, 22, 37 Total aflatoxins in the rice powder consisted of 79.0% AFB 1 , 16.0% AFG I , 4.0% AFB 2 , and 1.0% AFG 2 . The rice powder was mixed into starter diets and did not exceed 1% of the diet.
The DAS a was > 98% pure, as determined by nuclear magnetic resonance and mass spectrometry. 26 The DAS was incorporated into the diet by dissolving the toxin in 95% ethanol, adding prescribed amounts to a 2-kg aliquot of feed, drying the aliquot, then mixing the aliquot into the remaining portion of the diet.
Basal diets were analyzed for mycotoxins and did not have detectable (< 10 µg/kg of diet) concentrations of AF, DAS, T-2 toxin, zearalenone, deoxynivalenol, patulin, penicillic acid, ochratoxin, or cyclopiazonic acid. Treatment diets were analyzed, and the presence of the parent AF and DAS (which were added to the basal diets) was structurally confirmed via capillary gas chromatography/quadrpole mass spectrometry. 1 Measurements. Barrows were observed twice daily and were weighed once each week. Group feed consumption was recorded weekly. On the 29th day of the study, blood for hematologic, b,c immunologic, b and serum biochemical analyses d was obtained from each barrow by puncture via the cranial vena cava. Serum values were determined using an autoanalyzer e by described methods. 6, 11 Serum measurements included aspartate transaminase (AST), alkaline phosphatase (ALP), cholinesterase (ChE), creatine kinase, lactic dehydrogenase, and gamma glutamyl transferase (GGT) activities and albumin, cholesterol, creatinine, glucose, inorganic phosphorus, total iron, unsaturated iron binding capacity (UIBC), total iron binding capacity (TIBC), total protein, and urea nitrogen concentrations.
Hematologic variables measured included RBC count, to-tal WBC counts, packed cell volume (PCV), hemoglobin concentration, mean cell volume (MCV), mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), prothrombin time, and activated partial thromboplastin time.
Determination of RBC and WBC numbers, PCV, hemoglobin concentration, and MCV was performed using a Coulter counter f according to the manufacturer's recommendations as previously described. 6 Mean cell hemoglobin and MCHC were calculated. Serum iron concentration, UIBC, and TIBC were determined using an autoanalyzer e according to the test manufacturer's recommendations. g Testing for prothrombin and activated thromboplastin times was done using an automated coagulation instrument according to the manufacturer's instructions. h 32
Lymphocyte stimulation indices. Peripheral blood lymphocytes were collected on day 29 and in vitro mitogeninduced lymphoblastogenesis stimulation indices (uptake of tritiated thymidine) were utilized to evaluate cell-mediated immune responses to the feeding of AF and DAS. Blastogenic responses to phytohemagglutinin (PHA), concavalin A (CON A), and interleukin 2 (IL 2) were measured utilizing procedures previously reported. 13, 18 Stimulation indices for each blood sample were calculated as counts in PHA, CON A, or IL 2-stimulated cells minus counts in unstimulated cells divided by counts in unstimulated cells. Necropsy. On day 29, all barrows were euthanized' and examined. Liver, left kidney, spleen, and heart were weighed, and organ weight was calculated as a percentage of body weight (g/100 g). Specimens of liver, kidney, and spleen were fixed in neutral buffered 10% formalin and processed for histologic examination.
Statistical evaluation. Data were grouped and expressed as mean ± SEM. Group mean values for body weight, organ weight, and serum biochemical, immunologic, and hematologic measurements were subjected to analysis of variance 31 Table 2 . Serum biochemical values* of growing barrows fed diets contaminated with aflatoxin (AF) and diacetoxyscirpenol (DAS) for 28 days. Table 3 . Hematologic values* of growing barrows fed diets contaminated with aflatoxin (AF) and diacetoxyscirpenol (DAS) for 28 days.
using the general linear model procedure and a software package. 27 Significant differences determined by analysis of variance for treatment groups were compared, using Duncan's multiple range test. 3 All statements of significance were based on P < 0.05.
Results
Comparative growth rates of the AF and AF + DAS treatments were less than those of controls, whereas DAS decreased only body weight gain (Table 1) . No major differences were detected in feed-to-gain ratios between treatment groups. Aflatoxin depressed growth more markedly than did DAS. Although the dual toxin combination affected weight gain more than did either toxin singly, no significant interaction or synergism was observed with the combination. At the end of the 2%-day test period, barrows in all 3 of the toxin-treated groups were noticeably smaller than control barrows, were observed eating less than did the control barrows, and were less active than was the control group.
Treatment with AF and DAS, singly or in combination, altered various serum biochemical (Table 2) or hematologic values (Table 3) . No treatment differences were detected for glucose, cholesterol, triglycerides, inorganic phosphorus, MCH, MCHC, creatine kinase, and lactic dehydrogenase values, prothrombin or activated partial thromboplastin times, or stimulation indices for mitogen-induced (PHA, CON A, or IL 2) lymphoblastogenesis (data not shown).
At necropsy, the livers of barrows given the AF and AF + DAS were slightly pale and dark tan in color.
Liver and spleen weights (g/100 g of body weight) for barrows of the AF and AF + DAS groups were greater than values for controls ( Figs. 1, 2) , whereas no treatment differences were observed for heart or kidney weights (data not shown). Microscopically, hepatic lesions were consistently observed in all of the AF-treated barrows and consisted of diffuse hepatocellular cytoplasmic vacuolar change accompanied by early portal fibrosis and early bile duct hyperplasia. Lesions observed in the DAS-treated group consisted of very mild diffuse hepatocellular cytoplasmic vacuolar change, and the change was of a very early degenerative nature characterized by foamy cytoplasm. The barrows of the AF + DAS treatment group had hepatic lesions that were similar in nature and severity to those observed in the AF treatment group. Except for 1 pig that had mild diffuse hepatocellular cytoplasmic vacuolar change, microscopic changes were not observed in the control group. Microscopic lesions were not observed in the kidney or spleen of any pigs of the 4 treatment groups.
Discussion
Underperformance induced by AF treatments in barrows of this study (Table 1) agreed with results reported for swine given similar dosages of AF in the feed. 4,7-10,12,14,30 Decreased weight gain associated with DAS ingestion has been reported for swine exposed to diets of 2-10 mg DAS/kg feed. 34 Swine in that study did not have weight gain depression below 2 mg DAS/ kg feed, had total feed refusal above 10 mg DAS/kg feed, and developed oral, cutaneous, and gastrointestinal lesions following 8 weeks of exposure to the feed. DAS dosages in the present study were established in a preliminary study in which 2,5,7.5, and 10 mg DAS/ kg feed were fed to groups of barrows. Total feed refusal occurred at all dosages above 2 mg DAS/kg feed (R. B. Harvey, unpublished data). In the present study, barrows did not develop oral, cutaneous, or small intestinal lesions as reported for pigs fed DAS 34 or T-2 toxin; 10 however, the primary differences in studies were duration and route of exposure, toxin, and dosage. Although AF and DAS singly induced growth depression in our barrows, the combination was additive and not synergistic. This agrees with the results of swine feeding studies in which AF was combined with deoxynivalenol, ochratoxin A, or T-2 toxin and no synergy was observed. [8] [9] [10] In contrast, the combination of AF + T-2 toxin or AF + DAS in broiler chicks is synergistic for weight gain suppression. 15, 17 Barrows of the AF treatment group had increased GGT, ChE, ALP, and creatinine, decreased urea nitrogen and TIBC concentrations ( Table 2) , increased PCV and hemoglobin concentration (Table 3) , and increased weight of liver and spleen (Figs. 1, 2) . These AF-induced changes were consistent with those reported for pigs and reflect hepatotoxic damage by AF. 5,7-10,12 DAS induced a decrease in TIBC but did not alter values of other serum biochemical or hematologic measurements. In a similar study, AF or T-2 toxin or their combination decreased TIBC, and T-2 toxin induced a microcytic anemia. 10 Decreases in TIBC by AF are related to the sensitivity of transferrin to AF, 5 whereas T-2 toxin reduced TIBC by possible interference in iron absorption or transport. 10 We speculate Fig. 1 for explanation of legend terms and specific treatments given to members of group), that the decreased TIBC associated with DAS in the present study was due to the same mechanisms as operate with T-2 toxin. In chronic oral dosing studies, the trichothecene mycotoxins do not elicit dramatic changes in serum biochemical values of domestic species. 28 When dosed intravenously with DAS, swine had changes in urea nitrogen, creatinine, alanine aminotransferase, and glucose 2 or no serum or hematologic changes, 35 whereas poultry dosed with DAS had reduced PCV values. 28 The low incidence of toxic effects associated with DAS in the present study is probably due to the low dosage, the route of administration, and the short duration of the experiment. Diets containing < 2 mg DAS/kg of feed did not induce toxic effects in swine when fed for 8 weeks. 34 The combination of AF + DAS in the present study increased GGT, ALP, and hemoglobin concentration; decreased urea nitrogen, UIBC, and TIBC; and increased liver and spleen weights (g/100 g body weight). Although some of the values of serum or hematologic measurements were affected more than by either toxin singly, the effects of the combination treatment are additive and primarily reflect the toxicity of AF. Likewise, increased liver and spleen weight in the AF or AF + DAS treatments and hepatic lesions of the present study appear due to AF alone. Combination toxin treatments of AF + deoxynivalenol, AF + T-2 toxin, or AF + ochratoxin A in swine do not induce synergistic clinical response or increase the severity of lesions over that seen with treatments of AF alone [7] [8] [9] [10] 12, 33 In contrast, the combinations of AF + T-2 toxin or AF + DAS induced toxic synergy for serum biochemical and hematologic measurements and organ weight for broiler chicks. 15, 17 Although DAS is generally accepted as a more potent toxin than T-2, 20 barrows of the present study did not experience oral and dermal lesions as induced in swine by either 10 mg T-2/kg of feed 10 or by 2-10 mg DAS/kg of feed. 34 Although AF is reported to induce immunopresn 14 and diets co-contaminated with aflatoxin and ochratoxin fed to DAS and T-2 toxin have been described as radiomi-growing pigs. Am J Vet Res 50: 1400-1405. metic, 2 5 treatments in the present study did not sig- In conclusion, a swine diet containing 2.5 mg AF/ kg of feed resulted in decreased weight gain, hepatocellular disease, hematologic disorders, and serum biochemical alterations. A diet of 2 mg DAS/kg of feed resulted in reduced weight gain and decreased TIBC. When AF and DAS were fed in combination, the responses were either additive or less than additive. Under conditions of this study, AF and DAS did not have treatment of growing swine with aflatoxin and T-2 toxin. Am J Vet Res 51:1688-1693. 11. Harvey RB, Kubena 
